Abstract. A new method for similarity analysis of protein sequences is presented in this paper. On the basis of positions, proportion difference and various physicochemical properties of 20 kinds of amino acid in different protein sequences, representative information was extracted from protein sequence and converted into a numeric vector, thus further similarities of protein sequences were analyzed by studying the similarities between vectors. To facilitate the comparison between protein sequences of different length, every protein sequence is first mapped to a fixed-length vector, of which the vector information is relative position of amino acids. Then percentage of 20 kinds of amino acids in the sequence and 3 physicochemical properties are combined to constitute physicochemical information vector. Finally, a one-dimensional feature vector with 80 elements(feature vector) representing a protein sequence is synthesized. The shortest distance method was applied for cluster analysis on feature vectors so as to analyze similarities in protein sequences. In the numerical experiment part of the article, similarity analysis was conducted for 9 different species of the mitochondrial NADH dehydrogenase. The result of numerical experiment is consistent with the biological fact, which validates the effectiveness of model to a certain extent.
Introduction
In the field of biology, there are a variety of mathematical methods such as PSI-BLAST [1] , Hidden Markov Model (HMM) [2] , etc. used to analyze the protein sequences and thus to search the classification structure and function. In recent years, graphical methods for protein analysis have been proposed [3] . One class of methods is to represent 20 amino acids that compose protein by alphabet Ω={A,C,D,E,F,G,H,I,K,L,M,N,P,Q,R,S,T,V,W,Y}, so that any protein can be regarded as a sequence composed of 20 letters. Randic [4] , P. He [5] and Yao [6] proposed methods for similarity analysis of protein sequences based on 20 kinds of amino acids which considered either the location information or the physicochemical properties of protein sequence.Nandy [7] , Randic [8] and Raychaudhury [9] have put forward a new method, namely compressed matrix invariant method to investigate the mapping relationship between biological sequences. However, due to the nature of the complexity of the protein, such methods to reveal the nature of the difference between protein sequences are not enough. A new model for study on similarity of protein sequences was proposed in this paper based on position information of 20 amino acids in the protein sequence combined with their physicochemical properties.
Methods

Construction of amino acid position information vector
Mathematically speaking, a protein sequence may be regarded as a string of 20 amino acids on the alphabet Ω={A,C,D,E,F,G,H,I,K,L,M,N,P,Q,R,S,T,V,W,Y}. Thus, a protein sequence of 20 amino acids in this order that can be mapped (marked as f ) into an adjoin matrix According to the definition of adjoin matrix, it is sparse matrix, while such matrix representation of protein sequence is unique. Therefore, the conversion successfully maps a protein sequence into a matrix. On the contrary, the matrix can be converted into the original protein sequence.
In order to extract the sequence information contained in adjoin matrix, the Euclidean distance between each two rows of adjoin matrix is obtained, so that we can get distance matrix 
Construction of the physicochemical information vector
Physicochemical properties of amino acids are the major basis of protein to fold into spatial structure. Since the value pK α of amino acid refers to the relative difficulty for amino acid to release its dissolvable proton. The two functional groups COOH α − and 3 NH α + − are weak acidic groups that release protons via ionization in aqueous solution, while the capacity of releasing and receiving protons is the fundamental chemical property of protein which is also involved in the catalytic activity of the enzyme and the structure composition of the protein. pI is the isoelectric point of protein which can reflect the general information of protein composed of amino acid. Hence, the 3 physicochemical properties are selected for mathematical description of the protein sequence.
The corresponding pK α (COOH), pK α ( 3 NH + ) and pI (25˚C)values are respectively given in reference [5] . However, these physicochemical values are same in different protein sequences under same conditions, which mean the differences comparison between protein sequences cannot only rely on these indicators. Thus, the proportions of 20 amino acids in protein sequence as well as the above 3 physicochemical indicators should be taken into consideration. First of all, make a statistics for the percentage of 20 amino acids in protein sequence, namely:
,1,2,,20 
Result
The 9 different species of mitochondrial NADH dehydrogenase (ND5) sequences were selected from NCBI website (data from paper [10] ).
The proposed method was applied to the similarity analysis of 9 kinds of ND5 protein, which means first obtain a one-dimensional feature vectors with 80 elements of 9 species of protein sequences. In order to reduce the impact of numerical difference on numerical experiment, the feature vector data were normalized. Eq.(3) is adopted to calculate the Euclidean distance of pairwise species, so that a 99 × real symmetric matrix was obtained as shown in Table 1 . Table 1 Euclidean distances of nine species'ND5 protein sequences corresponding to the feature vectors
The shortest-distance method was used in this paper for hierarchical cluster analysis. The result was provided in Tab2. we can see that the ND5 protein sequence of Fin Whale(5) and Blue Whale(6) are the most similar. ND5 protein sequence in Pigmy Chimpanzee(3),Common Chimpanzee(4)，Human(1) and Gorilla(2) are very similar, while Table. 3 further demonstrates the ND5 protein {Common Chimpanzee(4),Human(1)} are more similar, while ND5 protein in Rat(7) and Mouse(8) are more similar. On the other hand, we found that the difference of ND5 protein between specie (9) and other species are greatest. In addition, the results obtained from numerical experiments are consistent with the fact of biological evolution [11, 12] , which also demonstrates the effectiveness of this method to some extent.
Conclusion
First, a one-dimensional feature vector with 80 elements was built in this paper, including spatial information and physicochemical information of protein sequence; then, the analysis of sequences similarity was conducted via hierarchical clustering for feature vectors of protein sequences; finally, in the numerical experiment part, similarity analysis was carried out for nine species of mitochondrial NADH dehydrogenase. The numerical results coincide with the fact that biological evolution. Compared with the previous methods, the proposed method in this paper has a small amount of calculation but with high accuracy, which is an effective new method.
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